Abstract -Results of work determining how different biological structures contribute to light scattering will be presented. Further, measurements of phantoms that mimic structural changes expected in vivo will be presented. It is found that polarized measurements can discriminate between phantoms with similar properties.
I. INTRODUCTION Non-invasive optical diagnostics have the potential to diagnose pre-cancerous conditions. Most cancers arise in epithelial tissues which are composed almost entirely of cells. The work described here builds on our early work to understand what structures in biological cells scatter light (1) . There will be three parts to this talk; 1. A study of what size structures contribute to reflectance from epithelial tissues. 2. A study of how light scattering changes with the rate at which cells are growing. 3. The development of phantoms to mimic the changes found in 2 and testing of a endoscopically compatible measurement system to distinguish morphological changes such as those found in 2.
I1 METHODS

Angular-depenedent light scattering measurements
Angular-dependent, polarized, light scattering measurements are made. Briefly, a dilute suspension of cells is placed in a sample holder that is illuminated with a polarized HeNe laser beam. Light scatter from the cells is detected with an avalanche photodiode that can be rotated around the sample. Both the polarization of the incident and detected light can be changed.
Biological samples
The samples we measure are carcinogenic rat prostate epithelial cells. They are harvested for measurement in either the plateau or the exponential phases of growth. For measurement they are kept in ice-cold saline.
Monte Carlo simulations
The propagation of light through turbid media such as tissue is modeled using Monte Carlo simulations. The simulation can incorporate elliptical as well as spherical scatterers. It also allows for counting of the number of times the collected photons scattered off of particles of a particular class. Tissue phantoms were made using gelatin, polystyrene spheres and intralipid. The gelatin is used in order make a solid phantom, the polystyrene spheres allow for easy alterations to the phantoms by using different size spheres, and the intralipid is used so that the phantoms have some cross-polarized light scattering intensity (1).
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Reflectance/Elastic scatter measurements A fiber optic probe has been developed that allows for measurement of backscattered light with different polarizations (2) . A schematic of the distal end of the probe is shown in Fig. 1 . There is one light delivery fiber and four light collection fibers. The lines over the fibers represent the polarization of the light. As described in reference 2, the measurements with this probe at a single wavelength are independently sensitive to both the size and concentration of scattering structures. In this work wavelength dependent measurements are made. The light source is a tungsten lamp. Detection is performed with a TE-cooled CCD.
Ill. RESULTS Light scattering occurs primarily from small structures with dimensions on the order of 10's of microns, and from Larger structures such as mitochondria and nucleoli. Based on experimental knowledge of light scattering from different size structures as a function of angles, Monte Carlo simulations can be used to determine how different structures contribute to the reflectance/elastic scatter signal in different geometries. A common geometry for reflectance/elastic scatter measurements is two optical fibers in close proximity on the surface of a tissue. One of the fibers delivers light to the tissue while the other fiber collects light. We have found that as the separation between the two fibers increases the contribution of the smallest scatterers to the light scattering signal decreases. Further, we have found that in most geometries particles of the size of the mitochondria and nucleoli are the major contributors to light scattering.
Light scattering measurements of cells in the exponential and plateau phases of growth demonstrate that there are significant changes. Ratios of scattering from exponential and plateau phase epithelial and fibroblast cells are shown in Fig. 1 . The results clearly depend on cell type. For the fibroblast cells, more scattering occurs from the cells in the exponential phase cells. For the epithelial cells, there is more scattering from the plateau phase cells at some angles. Furthermore, the angular dependence varies for the epithelial cells.
We have developed tissue phantoms to mimic the small light scattering changes we observed between plateau and exponential phase cells. These phantoms were measured with a fiber optic probe that is sensitive to light polarization. Fig. 3 demonstrates that we are able to differentiate the phantoms called mix 1 1 and mix 12. The left axis is the ratio of light intensity at 650 nm collected by fibers 1 and 4 in the probe shown in Fig. 1 . The bottom axis is the ratio of the light intensity t 650 nm collected by fibers 1 and 3. Fig. 4 shows the angular dependence of light scattered from dilute versions of the phantoms. The results in Fig. 4 are for light polarized parallel to the'scattering plane. Comparison with results in reference 2 shows that the scattering is similar to that from epithelial cells. 
